) and activations were assessed by CD69 upregulation by flow cytometry. Supplementary Table 1 . Quantification of OT-I and TRP1 CD8 T cell response profiles presented in Fig. 2 , 3, 7 and Supplementary Fig. 3 (corresponding figure numbers are presented in the first column). Definitions of the parameters and calculation methods are explained in Methods. 
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Supplementary Discussion
Device optimization for cells of different sizes
The device dimensions and geometries used here were optimized for primary lymphocytes (T and B cells). Pairing of cell types that are either different in size than lymphocytes (6-8 µm) or significantly mismatched in size would require re-optimization of the trap geometries and device dimensions using the design principles described. As a starting point for redesign, the back-side single-cell trap should be sized to trap the smaller cell and the support pillars should be chosen less than the smaller cell diameter, also taking into consideration its deformability to prevent cells from squeezing through the gaps. The front-side two-cell trap should then be sized to accommodate both cells while ensuring any additional cells will flow around the cups when the traps are saturated. Channel height should be determined based on the larger cell size to ensure free flow of the cells along with the fluid flow. The traps should be arrayed within the channel using proper spacing as to prevent clogging and maximize cell capture efficiency. Total array area should be determined based on the desired number of pairs required for the particular experiment. A range of variations should be incorporated within the design to ensure optimally matching devices for cells of interest.
The choice of design dimensions can be challenging for pairing cells that are substantially mismatched in size. To facilitate cell pairing for these cases, smaller cell populations can be loaded in hypoosmolar solution which can cause the cells to swell and approximate the size of larger cells by adjusting the osmolarity of the loading solution. Once trapped, the cells can be returned to their original sizes by infusing with isoosmolar solutons. The trap geometries can be tailored to ensure cell entrapment and prevent cells from squeezing through the cups upon shrinking back to their original sizes. The utilization of this osmolarity-change based cell pairing method, however, is application specific depending on the particular cell type and experimental setting, as hypoosmolar treatment may influence the results.
Protocol optimization for loading cells
The overall pairing efficiency largely depends on two major determinants: (1) sample preparation and (2) microfluidic loading parameters.
Sample preparation. Similar to flow cytometry analysis, homogeneously distributed single cells in the sample yield higher throughput for a given experiment while low cell viability and aggregates result in device clogging and poor pairing efficiencies. To ensure single cell suspension, we recommend using freshly isolated cells (from animal models or enzymatic detachment for adherent cell cultures), suspending cells in 0.1-1 % BSA solution and keeping the cell concentration less than 1-5 × 10 6 /mL. Up to 5mM EDTA can also be used to prevent cation dependent cell clumping for cell types with high adhesion properties. Dead cells can release their DNA into suspension causing the cells to clump together. To reduce aggregation, cells should be treated for 15-30 min with 50U/mL DNase in presence of MgCl2. In the case of samples with high dead cell concentration, a pre-emptive sorting of live cells can significantly enhance sample quality. Microfluidic devices should also be flushed with either 1% BSA or 10 % Pluronic-F127 solution for at least 30 min to block channel surfaces to prevent any adhesion. Before the cells are introduced into the device, cells should be filtered through nylon mesh with the appropriate pore size to eliminate any remaining clumps. Mechanical filters placed inside the channel further breaks apart any clumps or cell doubles before entering the trap array.
Microfluidic loading parameters. Optimization of cell concentration, flow rates and loading times are critical to ensure high pairing efficiencies. Flow rates should be chosen to avoid any damage to cells due to shear while ensuring smooth flow of cells with the fluid, preventing any clumping and clogging due to accumulation of cells around traps generally observed with slow flow rates. We observed that flow rates between 100 nL/min and 2 µL/min allowed proper cell loading operation without any clogging or cell damage. Cell concentration should be determined similarly to reduce cell loading times while minimizing clogging due to any extra cells. We found that cell concentrations between 1-5 × 10 6 /mL were optimal, enabling us to load ~1000 traps (in 0.5mm area, 50-100 rows) in <40 s with proper device dimensions and flow rates. These parameters are representative of those we have used for pairing primary lymphocytes, and should provide a starting point for further optimization. For a particular sample with different cell types, optimal loading parameters should be determined with preliminary experiments.
